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FROCflSS FOR PREPARING INTERMEDIATE USEFUL FOR THE 
ASYMMETRIC SYNTHESIS OF DULOXETINE 

BACKGROUND OF THE INVENTION 

5 This invention belongs to the fields of pharmaceutical chemistry and synthetic 

organic chemistry, and provides a process for flie synthesis of a key intermediate in the 
preparation of duloxetine, (+) N-me1hyl-3(l-nq>hfhalenyloxy)-3-(2-tWenyl)propananm 
hydrochloric acid salt. 

Duloxetine is a pharmaceutical now under development as an anti-depressant It 
1 0 inhibits the uptake of botii norepinephrine and serotonin and is presently in clinical 

evaluation. The compound was disclosed in U-S. Pat. Nos. 5,023,269 and 4,956,388 by 

CR 

p Robertson, et al. and flie synfihesis of it was discussed in more detail by Berglund, RA., 

W Org. Proc. Res. Devel, 1, 328 (1997) and Deeter, et al., la Tetrahedron Letters, 31(40), 

M 7101-04 (1990) and aspects patented in U.S. Patent Nos. 5,362,886 and 5,491,243. 

f y 1 5 Synthetic schemes and processes have been reported for conversion to duloxetine. 

nj Two particular reported synthetic schemes in liu, H.; Hofi^ B JEL; Authonsen, T CSiiraKty, 

p 12, 26 (2000) and Wheeler, W J.; Kuo^ RS. Labelled Compd. Radipphann., 36, 213 

(1995), have a common chloroalcohol intermediate. In both cases this cbloroalcohol 
^ intermediate is converted to an aminoalcohol, in two steps and then arylated to give 

^ 20 - duloxetine. These processes, as reported in tiie above articles, are outlined in Sche^ 

and 2. 
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O _ 11 1)NaBH4 s"°v-*" 



2)En^matlc .o* ui • . 
Chloroketone Resolution (S>cnioioaloonol 




Although flie aiylation of (S>3-MeaQdaniino-l-(2-thieiQd)-l-im3paiiol, campound 
I in in Schemes 1 and 2, has been disclosed, its resolution via diastereomeric salt 
formation has not been shown . Further, while Racemic ((El/S)-3-Met»Qtoino-l-(2- 
1hienyl))-l-propanol has been disclosed in Bopp, R.J.; Kennedy, J. H.. LC-GC, 5, 514 
(1998), Hie resolution of this key intermediate has not been successfuL 

The present inventiOT iTOvides inqwoved conditions fOT canyii^g out ihe 
of (CR/S)-3-Meai3«aniino-l-(2^eiQd)H-piopanol whereby resolved compound I is 
obtained in greater enantiomedc purity and yield than has previously been possible. 
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SUMMARY OF THE INVENTION 

The present invention provides a process for preparing (SH+)-NJJ-dimefhyl-3-(l- 
nq)hthalenyloxy>3-(2-tbienyi>-propanamine comprising resolving racemic ((S>3- 
Meihylamino-l-(2-tfaienyl))-l-propanol with 2,3,4,6-di-0-isopropylidene-2-keto-I^ 
gulOTic acid or S-(->2-pynoKdone-5-carboxyIic add in a first organic solvent, and if 
desired, racemizing a stereomerically enriched mixture in an isopropanol/hydrochloric 
acid mixture; and if desired, crystallizing (S>3-Methylamino-l-(2-thienyl)-l-propanol by 
resolving racemic ((R/S)-3-Methylamino-l-(2-thienyr)>l-propanol with 2,3 A6-di-0. 
isopropylidene-2-keto-L^gulonic acid in a third organic solvent 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 

The present invention provides a process for preparing the specific enantiomer 
shown above as compound I in Schemes 1 and 2 above. It is named (S)-3-Methylamino- 
l-(2-thienyl)-l-propanoL 

The resolution step of the present invention is prepared by adding 1 molar 
equivalent of 2,3,4,6-di-0-isopropyKdene-2-keto-L-gulonic acid or (S)-(-)-2-pyrolidinone- 
5-carboxylic acid, preferably 2,3,4,6-di-0-isopropylidene-2-keto-L-gulomc acid, to 
racemic (S)-3-Methylamino-l-(2-thienyl)-.l-propanol in an organic solVCTt at room 
temperature, yielding after ciystallization a mixture of diastereomeric salts. The organic 
solvent may be, for example, isopropanol, tetrahydiofuran, acetone or ethyl acetate. 
Isopropanol is the preferred solvent If the r^olution is performed as part of a process 
which later involves crystallization of (S>3-melhylammo-l-(2-thienyl)-l-propanol, the 
above solvent is a first organic solvent Diastereomerically enriched crystals are 
obtained by additional crysiallizations. Bxanqyle 1, below» illustrates this procedure in 
detail Chiral analysis was done by capillary electiophoresis(ce) and the results 
summarized in Table 1 below. 

Table 1 

Optical resolution and purification of racCTiic (S)-3-Mefhylamino-l-(2-thienyI)-l- 
propanol in isopropanoL 
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Crystals 
Enantiomeric 
Composition 
(%area/%area) 


ML Enantiomeric 

Composition 
(%area/%area) 


Crvst. 
Yield 
(%) 


MI. Yiplrl 

(%) 


Optical 
resolution 


56/44 


25/75 


74 


23 


2"*" optical 
purify. 


62/38 


28/74 


79 


19 


3"" optical 
purif. 


89/11 


26/74 


58 


38 



ML" mother liquor 



The enriched diasteceomer salts (diasteromeric excess (d.e.) = 78%) were obtained 
with 33 % overall yield. The optical resolution of (S)-3-Methylamino-l-(2-thienyl)-l- 
piopanol (d.e. = 78%) measured in meiiianol is [oOd^ = -9.6 (MeOH, C = 4.4). The sign 
and the vahie of this optical rotation compared with the literature vahie [a]D^ = -12.5 
CMeOH, C = 4.4), Huiling liu. Bard. Helge, Hofif and Thorleif Authoisen, Chirality, 12, 
26-29 (2000) of the (S) enantiomer demonstrates that die wanted stereomer is obtained 
with die resolving agent 2,3.4.6-di-0-isopropyKdene-2-keto-(-gulomc acid with an optical 
purity of 76.8%. Additicmal ciystallizatiQn steps would be necessaiy to obtain optical 
pure(S>3-meth3^amino-l-(2-fliienyI)-l-l-pnjpanyl. 

The lacemization step of (S)-3-MethyIamino-l-(2-thien3i)-l^ropanol is achieved 
by partially racemizdng a stereomerically emiched mixture (d.e. = 76%) of (S)-3- 
Methylamino-l-(2-thienyl)-l-propanol (as a salt form with 2,3,4.6-di-0-isopropylidaie-2- 
keto-L-gulonic acid) in isopwqjanol/hydrochloric add mixture at room temperature as 
shoAvn in Example 2 below. This process or another acid catalysis can be used to recycle 
the mixture of salts of (S)-3-Methylamino-di-C)-isopropylidene-2-keto-I^giiloiiic add 
emidied in the unwanted stereoisomer. 

Finally a second order asymmetric induced aystallization was achieved by 
performing the optical resolution of racemic (S>3-Meth3damino-l-2-thien3d)-l-ptopanol 
with 1 equivalent of 2,3,4,6,-di-0-isopropylidene-2-ketD-L.gulonic add in an organic 
solvent such as isopropanol, tetoahydrofinan, acetone or ethji acetate, prefbrabfy 
isopropanol, at 40*'C, and the reaction mixture left agitated at diat ten^erature fiir 66 
hours. If the crystallization is performed after die resolution step described above, die 
organic solvent used in die aystallization step is a second oiganic solvent An exanq>le is 
provided below. The diastereomericcii^tals were obtained widi a yield of 76% 
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(diastereomeric compodtiaa (-)/(+) = 88%/12%); (MX.: yield = 18%, Ae. = 50%, 
(diastereomeiic coiiq>osition (-)/(+)( = 25%/75%)). 

Analysis of the mass balance of each diastereomer (crj^al + molher liquors), 
shows that a second order asymmetric induced crystallization occurred during this optical 
resolution process. These results show tiie formation of the desired diastereomer at the 
expense of fhe unwanted one. 

Ryample 1 

Optical Resolution 

To ihe fteebase racemic (S)-3-Methylamino-l-(2-1hien5d>l-propanol (1 g) dissolved in 
isopropanol (45 ml) was added fhe 2,3,4,6-di-0-iscqm)p34idene-2-ketD-L-gulonic add 
(1.634 g) at room tenq>eratciTe and stiiied fox 4 hours. 

The lesalting Mlt is filtrated and dried under leduced pressure at 40''C to yield 1.945 g. of 
a wHte soUd (y = 74%, d.e. = 12%). 

Qnticalnuri fications 

The resulting solid of Exanqple 1 (1.873 g, d.e. = 12%) is suspended in isopropanol (82 
inl) and stirred at room traxi|>arature fixr 69 hours. 

Hie suspension is filtrated, dried under vacuum at 40*0 to yield 1.483 g of flie 
diastereomeiic salt (y = 79%, d-e. = 24%). Tbs resulting soKd (1382 g, d.e. = 24%) is 
suspended in isopropanol (159 ml) and stirred at room temperature for 16 hours. The 
suspension is filtrated, dried under vacuum at 40*»C to yield 0.803 gof fliediastereomeric 
salt (y = 58%, d.e. = 78%) 

Racanization procedure 

To the diastereomoic salt (d.e. = 75%) snspoided in isopropanol (1 ml) was added HCl 
IN (216 L). At tiiat time soMrilizationoffhe salt occurred. The reaction mixture was 
stirred for 2 hours 30 minutes and concentrated under vacuumu The resulting solid has a 
d.e. = 32% (CE analjrais). 
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ExampleS 

Second order induced crvstallizatioii 

To the fiee base racemic (S>3-MelhyIammo-l-<2-tWen3^1-im^ (1 g) dissolved in 
isopropanol (31.3 ml) was added the 23 A6-di-<>-isoprop3didene-2-keto-L-gulonic acid 
(1 .634 g) at room temperature. The reaction mixture was heated to 40**C and stirred for 
66 hours at that temperature. After cooling to room temperature, the solid was filtrated 
and dried under reduced pressure at 40**C, to yield 1 .993 g of a white solid Cyield = 76%, 
d.e. = 76%). 

Analysis of the mass balance of each diastCTeomeric (crystal + mother liquors), 
shows that a second order asymmetdc induced crystallization occurred during Ihis <^tical 
resolution process. These results show the formation of the desired diastereomer at the 
expense of the unwanted one. 

The advantage of the present invention is found in its ability to prepare tiie desired 
product in high optical purity, with very little racemization, in short periods of time with 
resolution via diastereomeiic salt formation as described above. 

The synthesis of duloxetine is discussed in detail by Deeter, et al., in Tetrahedron 
Letters, 31(49), 7101-7104 (1990). FurthCT synthetic Schemes 1 and 2 above, both of 
which are described in the prior art, provide enablement for making the racemic starting 
material for the current invention. 

Briefly, as described in Scheme 2, the process described in Liu, H.; Hof^ B.H.; 
Anthonsen, T. Chirality, 12, 26 (2000), the (S)-chloroalcohol is derived firom a Friedel- 
Crafts reaction of thiophene and 3-chloropropionyl chloride. The chloroketone was 
reduced and the racemic alcohol is resolved enzymatically with immobilized Candida 
Antarctica Lipase B to give (S)-chloroalcohol in 35%. Yield (97% enantiomeric excess). 
See Liu et, al. 

la Scheme 2 above. Wheeler, W J.; Kuo, F.J. Labelled Compoimd Radiopharm.^ 
36y 213 (1995) took a longer route to prqiare **C-labeled duloxetine." The chloroketone 
was reduced with a chiral borane reagent to give the (S)-chloroalcohol directly in 85% 
yield. Jodinadon and amination as before complete the synthesis of duloxetine. 
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A final route to either optically pure or racemic (S>3-Mefli3iamino-l-(2-fliieiQ4)- 
1-propanol employs demethylation of the dimeOQdamiiio intamediate as shown below in 
Scheme 3 and 4. Precedent for the final route may be found in U.S. Patent No. 5,225,585. 
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Scheme 3 
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In Scheme 3 above, the starting material 2-acetylthiophene is conyerted to fhe 
Mannich ketone as desoibed in Blicke, F.F.; Berddialter, S«H.» J. Amer. Chem. Soc, 64, 

10 451 (1941). The ketone is reduced to @Lve racemic amino alcohol as described in Valenta, 
v.; Vilkovfi, M.; Valch&r, M.; Dobrovsky, K.; Poli^dca, 7, Collect C^ech. Chenu Commun. 
1991» 56, 1525; Jakobsen, P.; Kanstnq), A.; Lundbecl;; Bur. Pat AppL EP 571,685, 
1993 and Klosa, J., Jl PrakL Chem., 1966, 34, 312 (Path A). Alternatively, fhe Mannich 
ketone can be reduced witii chiral reducing agent to give the chiral S-amino alcohol 

15 direcay(PathB). 

Dametfaylation of the dimetibylamino intermediate may be achieved by, for 
exanqple,, protecting tibe alcohol as a carbonate and using additional chloioformate to 
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demethj^te intetmediate C above ia Scheme 4 by oiganic chemistry tnettiods shovm in 
the art. 

While the xacemic conipound I shown below as disclosed in Bopp, R. J. Kennedy, 
J.H., LC-GC, 6, 514 (1988), the resohxtion of this bey intennediate has not been 
«;coiEQ>lished. The presoit invention achieves this issolutionwitii high optical purity. 



HO^ wH 
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WE CIiAXMs 

1 . A process for preparing (S)-3-Metiiylamino-l<2-tWenyl)-l-propaiiol 
comprising: 

resolving racemic - (S)0-Methylaiiuno-l-(2-thienyl)-l-propaaol with (S)-(-)-2- 
pyrroliodone-5-carboxylic acid or 2,3,4^-di-0-isopropyKdine"2-keto-L-giilomc 
acid in a first organic solvent; 

racemizing a stereomerically enriched mixture; and crystallizing (S)-3- 
Methylaniino-l-(2-thiCTiyI)-l-propanol by resolving racemic (S)-3-Methylamino- 
l-(2-fhienyl>-l*piqpanol with 2,3 A^-di-O-isoprop^idine in a second organic 
solvent 

2. The process of Claim 1 wherein the resolution of rac^c (S>-3- 
M^lQrlanuno-l-<24luenyl)-l-propanol is with 2^,4,6-di-0-isopropylidine-2-keto-L- 
gulonic acid. 

3. The process of any one of Claims 1 or 2 wfaerdn liie first otganic solvent is 
selected fix>m isopropanoU tetrahydrofiiran^ acetone or elfayl acetate. 

4. The process of any one of Claims 1, 2 or 3 wherein tiie first organic 
solvent is isoprppanoL 

5. The process of any one of Claims 1 throu^ 4 whorem the second organic 
solvent is selected fiom isopropanol, tetrahydrofimm, acetone or ethyl acetate. 

6. The process of any one of Claims 1 through S wherem the second organic 
solvent is isopropanoL 
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ABSfTRACT 



This invention provides a process for the synthesis of (S)-3-Melh3tonmio- 
l-2-tfaienyl)-l-propanol» a key intemiediate in the synthesis of diiloxetine. 



